The prolonged-release formulation of tacrolimus (TAC) was developed to provide a more convenient once-daily (QD) dosing to improve patient adherence, whereas showing pharmacokinetic, efficacy and safety profile comparable to twice-daily (BID) TAC (Prograf; Astellas Pharma Inc., Tokyo, Japan).^[@R1]-[@R4]^

In a randomized multicenter controlled trial, kidney transplant patients randomized to QD-TAC showed superior adherence to medical treatment, specifically superior regimen implementation, than those randomized to BID-TAC, because the burden of the patient taking an additional dose each day was eliminated.^[@R5]^ In addition, the QD regimen eliminated the evening dose, which posed higher incidence of missed doses relative to morning doses in the BID regimen (an average of 14.2% vs 11.7% doses, respectively; *P* = 0.003).^[@R5]^

Furthermore, in prospective, as well as retrospective studies, stable adult kidney transplant recipients (KTRs) converted milligram for milligram from BID-TAC to QD-TAC showed a significant reduction in coefficient of variation of TAC blood concentrations after the conversion.^[@R6],[@R7]^ Stiff et al^[@R8]^ found that the conversion from BID-TAC to QD-TAC in KTR was associated with a significant reduction of the within-patient variability of TAC exposure measured by the area under the curve. It is known that high within-patient variability of blood concentration of TAC, as that of other immunosuppressive drugs, leads to blood concentrations more frequently outside the therapeutic window (overexposure, which could cause toxic effects and underexposure, which could cause acute rejection) increasing the risk of rejection and graft loss after kidney transplantation.^[@R9]^ Thus, the achievement of more stable blood levels is an advantage for transplanted patients.

In addition, patients seem to prefer the QD to the BID formulation, because 99.4% of kidney recipients, who switched from BID-TAC to QD-TAC in a study conducted in the clinical practice, had a positive feeling after the conversion, mainly due to the increased patient convenience by avoiding the evening dose of TAC (66% of patients), and to better adherence to medication (34%).^[@R10]^ The mentioned study (Evaluation of Advagraf Conversion and Long-Term Use in Kidney Transplantation study) was a multicenter, prospective, observational, 12-month study that was conducted in 1832 stable kidney recipients to assess the efficacy and safety of conversion, as well as patient preference, from BID-TAC to the QD formulation. The study showed high graft and patient survival at 1 year (99.8%), low acute rejection (0.4%), and a tolerability profile similar to that of standard TAC. In addition, a stable renal function was observed (mean glomerular filtration rate \[GFR\] did not change significantly during follow-up). This renal function stability has been observed in other transplant population on QD-TAC, both in the short^[@R11]^ and in the long term.^[@R12]^ Indeed, mean serum creatinine and mean creatinine clearance stayed stable for 4 years in 240 kidney or liver transplant patients, who had received QD-TAC de novo or had been converted from BID-TAC to QD-TAC.^[@R12]^ Furthermore, an improvement in glomerular filtration has been observed in 2 studies involving a relatively low number of kidney transplant patients converted from BID-TAC to QD-TAC.^[@R13],[@R14]^ In this regard, it has been recently suggested in healthy volunteers that QD-TAC is associated with significant renal hemodynamic improvement versus BID-TAC.^[@R15]^

So far, QD-TAC has shown to improve patient adherence, decrease the within patient variability of TAC blood concentrations, and be preferred by the patients over the BID formulation. Although there is some evidence pointing toward better renal function in the long term, as compared to the BID formulation, it has not been confirmed. Thus, we decided to extend the EVOLUTION study from 1 to 3 years and focus on renal function.

MATERIALS AND METHODS
=====================

This is a 3-year extension study of a previous prospective study of KTRs converted from BID-TAC to QD-TAC (Advagraf; Astellas Pharma Inc.) and followed up for 1 year to describe the efficacy and safety of such conversion (EVOLUTION study \[Evaluation of Advagraf Conversion and Long-Term Use in Kidney Transplantation\]).^[@R10]^ Briefly, the EVOLUTION study was a prospective, single arm observational study, in which 1832 stable KTRs were converted from BID-TAC to QD-TAC in the routine clinical practice of 21 Spanish hospitals, between September 2007 and March 2009. Stable patients were defined as those without acute rejections and without an increase greater than 10% in serum creatinine in the last 12 months. Patients who were not stable or considered to be at immunologic risk were excluded. All the patients included in the REVOLUTION study were treated with Prograf \[Astellas Pharma Inc.\] (no generic formulation of BID-TAC was used). Patients were followed up for 12 months after conversion, until March 2010. Data at 12 months on safety and efficacy were compared with data at baseline. Because it was an observational study, there was no control group. Further details on the conversion process and study design, along with the results observed at 1 year after conversion, have been previously published.^[@R10]^

After the completion of the 1-year original study, follow-up was continued in yearly visits. All patients who had completed the 1-year original study were invited to continue in the extension study. The data presented in the current article correspond to the data obtained at the third year after the conversion (follow-up until December 2011).

The parameters monitored at conversion and at different time points during the first-year were also measured at 24 and 36 months from conversion: TAC dose and trough levels; patient and graft survival; renal function measured by estimated GFR (eGFR; which was estimated from serum creatinine using the Modification of Diet in Renal Disease Study \[MDRD-4\] equation); biopsy-proven acute rejection episodes; evolution of proteinuria, blood pressure, lipid, glucose, and liver parameters; and adverse events.

The Local Ethics Committee of each participating center approved the protocol of the extension of the EVOLUTION study and all patients gave written informed consent before inclusion. The study procedures were in accordance with the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use/Good Clinical Practice Guidelines Guidelines and the ethical Standards of Helsinki Declaration

Statistical Analysis
--------------------

All statistical analyses were performed using the SPSS statistical package version 15.0 (SPSS Inc., Chicago, IL). Categorical variables were described using frequency tables and percentages, and continuous variables using measures of central tendency and dispersion (mean, standard deviation or median, range). Analyses were based on observed data only. Paired Student *t* tests or Wilcoxon signed-rank tests, as appropriate, were applied to evaluate differences in mean values between different time points, and McNemar tests were used to evaluate differences in qualitative variables.

Statistical significance was defined as *P* values less than 0.05. All *P* values were 2-sided.

RESULTS
=======

A total of 1798 patients completed the 1-year EVOLUTION study and were included in the extension study. Of these, 1496 (83.2%) completed the extension study up to 3 years (Figure [1](#F1){ref-type="fig"}). The sociodemographic and clinical characteristics of the patients included in the study are shown in Table [1](#T1){ref-type="table"}. Mean time from transplantation to conversion to QD-TAC was 4.9 ± 4.0 years and mean follow-up since QD-TAC conversion was 2.92 ± 0.34 years.

![Patients\' flowchart of the 3-year extension of the EVOLUTION study.](txd-1-e24-g001){#F1}
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Three hundred and two (16.8%) patients did not complete the extension study: Graft loss occurred in 110 patients, 90 patients died, QD-TAC was suspended in 41 patients (converted to mechanistic target of rapamycin inhibitors due to neoplasia: 8; difficulty in reaching TAC target levels: 6; side effects: 19; others: 8), and 61 patients were lost to follow-up.

Tacrolimus Dose and Levels
--------------------------

After conversion to QD-TAC, the dose of TAC was significantly higher at 12 months as compared to baseline (4.1 ± 2.4 mg/day vs 4.0 ± 2.4 mg/day, respectively; *P* = 0.009), but decreased at similar baseline levels at 24 months (4.0 ± 2.2 mg/day; *P =* 0.452); and at 36 months, the mean dose of TAC was significantly lower compared with the baseline (3.8 ± 2.2 mg/day; *P* = 0.023) (Figure [2](#F2){ref-type="fig"}A).

![Mean (±SD) tacrolimus dose (mg/day) (A) and blood levels (ng/mL) (B). First QD-TAC: first determination under once-daily tacrolimus (normally at 10-14 days after conversion from twice-daily tacrolimus).](txd-1-e24-g003){#F2}

The TAC levels significantly decreased just after conversion and remained stable thereafter (Figure [2](#F2){ref-type="fig"}B). The TAC levels at 24 and 36 months were 0.9 and 0.7 ng/mL lower versus baseline, respectively (*P* \< 0.001).

The dose adjusted trough concentrations are presented in Figure [3](#F3){ref-type="fig"}. They were significantly decreased at all timepoints after conversion versus baseline (*P* \< 0.001), except at 36 months, when similar baseline values were observed (2.3 ± 1.5 \[ng/mL\]/mg vs 2.5 ± 2.0 \[ng/mL\]/mg, respectively; *P* = 0.908).

![Mean (±SD) tacrolimus dose adjusted through concentrations (\[ng/mL\]/mg).](txd-1-e24-g004){#F3}

Figure [4](#F4){ref-type="fig"} presents the number of patients with low (≤20) or high (\>20) percent coefficient of variation of TAC levels before and after the conversion from BID-TAC to QD-TAC. The number of patients with a low percent coefficient of variation increased significantly from 667 before the conversion (patients treated with BID-TAC) to 735 after the conversion (patients treated with QD-TAC) (*P* = 0.01).

![Patients with low (≤20) or high (\>20) coefficient of variability of tacrolimus levels before (BID-TAC) and after the conversion (QD-TAC). CV indicates coefficient of variability.](txd-1-e24-g005){#F4}

Patient and Graft Survival
--------------------------

Death-censored graft survival at 3 years after conversion was 93.9%. Allografts were lost in 110 patients (chronic humoral rejection: 36 \[32.7%\]; interstitial fibrosis/tubular atrophy: 33 \[30%\]; chronic allograft nephropathy \[non histologically confirmed\]: 22 \[20%\]; calcineurin inhibitor nephrotoxicity: 5 \[4.5%\]; acute rejection: 2 \[1.8%\]; other: 12 \[10.9%\]).

Patient survival at 3 years after conversion to QD-TAC was 95.1%. Ninety patients died, 25 due to cardiovascular disease (27.8%), 25 due to neoplasia (27.8%), 13 due to infection (14.4%; including 6 cases of bacterial infection and one case of *Mycobacterium tuberculosis*), 16 due to other reasons (17.8%) and 11 unknown (12.2%).

Renal Function
--------------

When excluding from the analysis of the renal function evolution, those patients who had to reinitiate dialysis, a small decrease in mean eGFR was observed at 12 months after conversion to QD-TAC versus baseline (55.7 ± 20.9 mL/min per 1.73 m^2^ vs 56.7 ± 19.8 mL/min per 1.73 m^2^, respectively; *P* \< 0.001). However, at month 24, mean eGFR had increased at similar baseline levels, and at month 36, a numerically (but not significant) higher value of eGFR was observed compared with baseline (58.1 ± 24.6 mL/min per 1.73 m^2^; *P* = 0.623) (Figure [5](#F5){ref-type="fig"}A).

![Mean (±SD) estimated glomerular filtration rate (mL/min per 1.73 m^2^) censoring patients reinitiating hemodialysis (A) or counting patients reinitiating hemodialysis as having MDRD = 0 (B). HD indicates hemodialysis.](txd-1-e24-g006){#F5}

When patients reinitiating dialysis were counted as patients with MDRD = 0, a significant decrease was observed in the mean eGFR at months 12 and 24 after conversion (*P* \< 0.001); but at 36 months, the mean eGFR was +0.1 mL/min per 1.73 m^2^ higher than baseline, with *P* value reaching statistical significance (56.8 ± 25.8 mL/min per 1.73 m^2^ vs 56.7 ± 19.8 mL/min per 1.73 m^2^, respectively; *P =* 0.025) (Figure [5](#F5){ref-type="fig"}B).

A significant increase in proteinuria was observed at months 24 and 36 after conversion versus baseline (0.389 ± 0.754 g/day and 0.405 ± 0.776 g/day vs. 0.294 ± 0.656 g/day, respectively; *P* \< 0.001) (Figure [6](#F6){ref-type="fig"}). At the time of conversion, 544 patients of the 1832 patients included in the study (29.7%) were treated with angiotensin converting enzyme inhibitors or angiotensin II receptor blockers. After 3 years, 597 patients of the 1435 patients who completed the extension study were being treated with these drugs (41.6%).

![Mean (± SD) proteinuria (g/24 h).](txd-1-e24-g007){#F6}

Rejection Incidence
-------------------

The incidences of acute rejections during the first, second, and third postconversion years were 0.6%, 1.1%, and 0.4%, respectively.

Other Variables
---------------

Compared with baseline, some changes that reached statistical significance were found at 36 months after conversion in the values of body weight, blood pressure, hemoglobin, blood glucose, glycosylated hemoglobin, total cholesterol, and glutamic-pyruvic transaminase (*P* \< 0.05) (Table [2](#T2){ref-type="table"}).
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DISCUSSION
==========

The prolonged release formulation of TAC has provided a more convenient QD dosing, which has improved patient adherence, decreased the within-patient variability of TAC blood concentrations and is preferred by the patients over the BID formulation.^[@R5]-[@R7],[@R10]^ This QD formulation has shown to be noninferior to the BID formulation regarding efficacy failure (including graft loss, biopsy-confirmed acute rejection and graft dysfunction) in an immunosuppressive regimen based on the same TAC starting dose and no induction therapy.^[@R16]^ In addition, previous studies showed some evidence pointing toward QD-TAC being associated with better renal function, as compared to the BID formulation.^[@R12]-[@R14]^

In the current 3-year extension study of a previously published 1-year prospective study of conversion from BID-TAC to QD-TAC,^[@R10]^ we wanted to assess mainly the medium-term evolution of the renal function after the conversion. Three years after the conversion from BID-TAC to QD-TAC, the observation was that, when censoring patients who needed to go back to dialysis, renal function was very stable.

It is well known that renal function declines gradually after transplantation. In a large cohort of renal transplant recipients treated with BID-TAC, after 6 months from transplantation, the GFR decreased an average of −1.66 mL/min per 1.73 m^2^ per year over a median follow-up of 5.7 years.^[@R17]^ This GFR decline rate varies according to the GFR baseline level, with lower levels showing more rapid rates of decline.^[@R18]-[@R20]^ The transplant registry of the Autonomous Community of Catalonia (a North-East region of Spain) is an observational initiative that records the evolution of all KTRs since the mid 1980s. The cohort of patients included in this registry might be considered as a "control cohort," suitable for comparing with our cohort of patients converted from BID-TAC to QD-TAC in the routine clinical practice, because it includes a large number of KTRs treated in the clinical setting in Spain, which frequently involves the use of BID-TAC (81% of the patients in the registry are treated with BID-TAC). According to the 1990 to 2011 period report of the registry, the eGFR of first renal transplant recipients decreased at an annual average of −1.21 ± 11.2 mL/min per 1.73 m^2^ (N = 4180).^[@R21]^ In this analysis, patients who lost their graft were considered as MDRD = 0 in that year\'s follow-up but were censored from 1 year onward to estimate the evolution of the eGFR. Thus, the reported registry\'s annual eGFR decrease rate can be compared to that of the current study, when censoring patients who lost their graft function and reinitiated dialysis. In this regard, it is remarkable that mean eGFR of our patients stayed at similar levels at 3 years since conversion from BID-TAC to QD-TAC, that is, no significant decrease was observed between the value at conversion and the value at 36 months. If any, a numerical improvement in function was observed from baseline to month 36, although not statistically significant (from 56.7 to 58.1 mL/min per 1.73 m^2^ \[+1.4 mL/min per 1.73 m^2^; annual change rate at 3 years after conversion: +0.47 mL/min per 1.73 m^2^\]). Even when patients who needed to go back to dialysis were counted in the analysis as having an eGFR = 0, the eGFR remained very stable. In fact, a significant (but not clinically relevant) increase of +0.1 mL/min per 1.73 m^2^ was observed in the mean eGFR values between baseline and the end of the extension study (from 56.7 to 56.8 mL/min per 1.73 m^2^; annual change rate at 3 years after conversion: +0.03 mL/min per 1.73 m^2^\]). Thus, the renal function in patients converted from BID-TAC to QD-TAC remains very stable and better than expected.

Despite the percentage of patients treated with angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers was increased at 3 years after the conversion versus baseline (+12%), a significant increase in proteinuria was observed at the end of follow-up. However, this increase was small (only +0.1 g/day approximately) and nonclinically relevant.

Maintenance of the target blood levels of immunosuppressive drugs is a main factor determining transplant function, with high variability of blood concentrations potentially leading to over or underexposure of the drug (2 situations that can be associated with a greater risk of toxicity or acute rejection and graft loss, respectively).^[@R9]^ In this regard, a possible explanation of the stability in renal function observed with QD-TAC might be the more stable TAC blood concentration compared with the BID formulation.^[@R6]-[@R8]^ In our study, the numerically smaller standard deviations of the TAC trough levels observed at 12, 24, and 36 months after conversion versus preconversion suggest that the interpatient variability of the TAC levels was lower with QD-TAC and that more stable levels were achieved with the QD formulation (Figure [2](#F2){ref-type="fig"}B). Lower within-patient variability of the TAC levels has also been observed with the conversion from BID-TAC to QD-TAC. In a prospective 6-month study by Wu et al^[@R6]^, in which 129 stable KTRs were converted milligram-for-milligram from BID-TAC to QD-TAC, the mean within-patient percent coefficient of variation of TAC trough concentration was significantly lower with QD-TAC (8.5 ± 5.0% vs 14.0 ± 7.5%; *P* \< 0.05). In our study, the coefficient of variation of the TAC levels changed after the conversion from BID-TAC to QD-TAC, with significantly more patients presenting a low coefficient (defined as a coefficient ≤20%) with the QD formulation versus the BID formulation. Before the conversion (patients treated with BID-TAC), 44.5% of the patients had a coefficient of variation of the TAC levels of 20% or less. After the conversion to QD-TAC, this percentage was 49.1%. Additionally, BID-TAC has 2 peaks of concentration (morning and evening), whereas QD-TAC produces only the morning peak, which is lower than the BID-TAC morning one.^[@R2],[@R22]^ Because high peak levels may be associated with toxic effects, having lower peaks should have a positive effect regarding toxicity, which would result in less graft function decline. Also, QD-TAC provides lower exposure to the drug^[@R23]-[@R25]^ and lower variability in 24-hour exposure,^[@R8]^ which would also result in less toxicity and more stable function (although whether a lower exposure is associated with lesser calcineurin inhibitor toxicity-related graft injury remains undetermined).

As seen in other prospective conversion studies,^[@R6]^ in the EVOLUTION study, a moderate significant decrease of less than 1 ng/mL in the TAC levels was observed after the conversion from BID-TAC to QD-TAC, which required a temporal increase in the daily dose during the first year of follow-up^[@R10]^ (in the routine clinical practice in Spain the most frequent targeted TAC C0 levels for maintenance patients are 6--7 ng/mL). During the extension period up to 3 years, the TAC levels were very stable (∼0.8 ng/mL significantly lower vs baseline) with mean daily doses similar to those at the time of conversion (the mean dosage value at 36 months after conversion was found to be significantly lower vs baseline, but a difference of −0.2 mg/day can be considered nonclinically relevant). Despite this moderate decrease in the TAC levels observed with QD-TAC, the low acute rejection rate, similar to that observed in patients treated with the BID formulation,^[@R26]^ probably suggests that sufficient immunosuppression was provided in the majority of these patients. However, it must be taken into account that only stable patients (without acute rejections and without relevant increases in serum creatinine during the year before conversion) were included in the original EVOLUTION study. On the other hand, the main cause of allograft loss was chronic humoral rejection (2% of the patients). Unfortunately, data regarding the immunological status of the patients during follow-up (i.e., the determination of the de novo donor-specific antibodies) are lacking, because most of the participant centers did not routinely collect this kind of information at the time of the study. Additionally, the obtaining of biopsies was not routinely performed because it was an observational study.

Tolerability was similar to that observed in other studies with the BID formulation^[@R26]^ and the percentage of treatment discontinuations was low. Some changes regarding body weight, blood pressure, or blood glucose, among others, reached statistical significance at month 36 versus the time of conversion. None of these changes were clinically relevant, and most of them are frequently seen in the majority of KTRs as the time of transplantation progresses (e.g., an increasing body weight, which is frequently related with sedentary lifestyles or the chronic use of steroids). Regarding glycosylated hemoglobin, it has been observed in kidney and liver transplant recipients that after the conversion from BID-TAC to QD-TAC, it remains stable.^[@R27],[@R28]^ However, glycosylated hemoglobin was increased in our study at 3 years after the conversion from BID-TAC to QD-TAC (+0.6%). In our opinion, this was probably due to the influence over time of steroids, the increase in age, and the increase in body weight.

The limitations of the study are those inherent to the observational design (some of them have been already mentioned), being the absence of a control group the most important. We did not control for potential confounders as comorbidities in the analysis of renal function. The potential correlation between the TAC levels observed during follow-up and eGFR, acute rejection or graft loss was not assessed (although no correlation was found between any of these parameters in the original 1-year prospective study). However, our study provides information about the use of QD-TAC in routine clinical practice in a large number of patients of different profiles followed for up to 3 years. To our knowledge, this is the longest observational study assessing the safety and efficacy of conversion from BID standard release TAC to QD prolonged release TAC in maintenance KTRs.

In conclusion, KTRs converted from BID-TAC to QD-TAC show a medium-term stable dose and trough levels of TAC and good preservation of renal function. Remarkably, the mean average of eGFR annual change observed 3 years after the conversion was +0.47 mL/min per 1.73 m^2^, in contrast with the negative change rates observed in other similar kidney transplant cohorts in Spain. The potential reasons by which QD-TAC may help preserve renal function are multiple: by improving adherence to immunosuppressive treatment, by decreasing the within-patient variability to TAC, by maintaining stable levels, and by maintaining an adequate equilibrium between immunosuppressive action and nephrotoxicity, all of which help to preserve renal function. Comparative studies to confirm these findings are warranted.
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